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Abstract 

Two  types  of  nanograined  oxide  compounds,  CuFe204,  MgFe204,  Ni0.5Co0.5Fe2O4,  with  spinel-type  structure,  and  SrMnC>3,  FeMn03, 
La0.6Pbo.2Cao  2Mn03  with  perovskite-type  structure,  were  prepared  by  sol-gel  self-combustion  method  and  tested  for  the  catalytic  combustion  of 
dilute  acetone  in  air.  Their  structure  and  surface  properties  were  investigated  by  X-ray  diffraction  (XRD),  scanning  electron  microscopy  (SEM), 
BET  surface  area  measurements  and  energy-dispersive  X-ray  spectroscopy  (EDX).  We  chose  acetone  as  a  VOC  model  because,  among  all  VOCs, 
it  is  a  common  organic  solvent  extensively  used  in  the  manufacture  of  plastics,  fibers,  drugs  and  other  chemicals.  The  catalytic  activity  studies 
revealed  that  between  these  two  types  of  catalysts,  the  perovskite  catalysts  exhibited  the  best  activity  in  the  catalytic  combustion  of  acetone.  The 
acetone  conversion  degree  over  perovskite  catalysts  can  exceed  95%  at  300  °C,  while  over  ferrospinel  catalysts  it  is  of  about  70%.  Our 
experimental  results  indicate  that  the  SrMn03  and  Lao  6Pb0.2Cao  2Mn03  perovskites  are  the  preferred  catalysts  in  the  catalytic  combustion  of 
acetone  at  low  temperatures.  The  time  stability  of  Lao  6Pb0  2Cao  2Mn03  catalyst  for  acetone  combustion  was  also  investigated  and  no  deactivation 
was  observed  for  36  h  at  250  °C. 

©  2014  Elsevier  Ltd  and  Techna  Group  S.r.l.  All  rights  reserved. 
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1.  Introduction 

The  removal  of  volatile  organic  compounds  (VOCs)  from 
air  is  important  for  environmental  and  human  health  [1,2], 
Several  technologies  have  been  used  to  remove  VOCs  emis¬ 
sions  [3,4].  The  conventional  thermal  incineration  requires 
high  operating  temperature  (  >  750  °C)  and  significant  energy 
amount.  Catalytic  combustion  is  the  most  promising  method 
for  release  of  VOCs  [5-9]  which  operates  at  low  temperature 
( <  500  °C)  and  its  efficiency  is  determined  by  the  activity  and 
stability  of  the  catalyst  used.  Various  kinds  of  catalysts,  such 
as  supported  noble  metals  [10-12],  metal  oxides  [13-15]  or 
mixed  metal  oxides  [16-20]  can  be  employed.  Transition  metal 
oxides,  although  generally  less  active  than  noble  metal,  are 
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cheaper  and  more  resistant  to  deactivation  by  poisoning  than 
other  materials  [11,13,21,22], 

In  the  last  years  much  attention  has  been  paid  to  the 
perovskite-type  ceramic  oxides,  ABO3  (A  is  usually  rare  earth 
and  B  is  transition  metal  [23-27]),  and  to  the  spinel  ferrite-type 
oxides,  MFe204  (M  is  divalent  metal  ion)  [28-31]  as  promis¬ 
ing  combustion  catalysts  mainly  due  to  their  excellent  thermal 
stability  properties,  low  cost  and  easy  processing.  Moreover, 
the  structural  stability  of  the  perovskites  allows  for  the  partial 
substitution  of  A  and/or  B  by  other  metal  that  can  improve 
their  catalyst  properties. 

The  catalytic  properties  of  the  spinel  ferrites  are  influenced 
by  the  cation  distribution  among  the  tetrahedral  and  octahedral 
sites  in  the  spinel  structure  [31],  Jacobs  et  al.  [32]  suggested 
that  in  the  spinel  structure,  the  octahedral  sites  are  almost 
exclusively  exposed  at  the  surface  of  the  spinel  crystallite  and 
that  the  catalytic  activity  is  mainly  due  to  octahedral  cations. 
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For  catalytic  purposes,  the  production  of  catalyst  materials  with 
nanosized  particles  is  a  priority.  Nanograined  ceramic  materials 
present  new  opportunities  for  enhancing  the  performance  of  solid 
catalysts  because  of  the  much  higher  surface  to  bulk  ratio 
compared  to  the  coarse  micrograined  materials.  Various  methods 
have  been  proposed  [33-37]  to  obtain  catalyst  materials  with 
superior  microstructure,  hi  the  present  work  we  applied  a 
nonconventional  procedure,  sol-gel  coupled  with  self-com¬ 
bustion  described  in  our  previous  papers  [38,39].  This  procedure 
offers  a  number  of  advantages  including  homogenous  mixing  on 
the  atomic  scale,  high  purity,  simple  equipment  and  control  of  the 
grain  size  by  subsequent  heat  treatments. 

Below  we  present  a  comparative  study  on  the  catalytic 
performances  of  the  two  nanocrystalline  material  types  prepared 
by  sol-gel  self-combustion:  CuFe204,  MgFe2C>4,  NiCoFe204 
fenites  with  spinel-type  structure  and  SrMnC>3,  FeMnOa,  LaPb- 
CaMn03  manganites  with  perovskite-type  structure.  The  samples 
were  characterized  using  X-ray  diffraction  (XRD),  scanning 
electron  microscopy  (SEM),  BET  surface  area  measurements, 
and  energy-dispersive  X-ray  spectroscopy  (EDX).  We  analyzed 
the  catalytic  properties  of  the  six  samples,  which  have  different 
compositions  and  structures,  in  the  catalytic  flameless  combus¬ 
tion  of  dilute  acetone.  We  have  chosen  acetone  as  a  VOC  model 
because,  among  all  the  VOCs,  it  is  a  common  organic  solvent 
extensively  used  in  the  manufacture  of  plastics,  fibers,  drugs  and 
other  chemicals. 

2.  Experimental 

2.1.  Sample  preparation 

Three  nano-grained  perovskite  powders  of  nominal  composi¬ 
tions:  SrMn03,  FeMnC>3,  Lao^Pbo  oCao^MnOi  and  three  nano¬ 
grained  ferrospinel  powders  of  nominal  compositions:  CuFe204, 
MgFe204,  Nio.5Coo.5Fe204  were  prepared  by  sol-gel  self¬ 
combustion  procedure  followed  by  heat  treatment  in  the 
900-1000  °C  range  (depending  on  the  crystalline  phase  of 
materials).  We  used  metal  nitrates,  ammonium  hydroxide  and 
polyvinyl  alcohol  (PVA)  as  starting  materials.  A  solution  contain¬ 
ing  metal  nitrates  was  mixed  with  an  aqueous  solution  (10% 
concentration)  of  polyvinyl  alcohol.  A  small  amount  of  NH4OH 
solution  (10%  concentration)  was  dropped  to  adjust  the  pH  value 
to  about  8.  This  produced  a  sol  of  metal  hydroxides  and 
ammonium  nitrate.  By  drying  at  100  °C  for  12  h,  the  sol  was 
turned  into  a  dried  gel.  The  dried  gel  was  ignited  in  a  comer  and  a 
combustion  reaction  spontaneously  propagated  through  the  whole 
gel.  The  obtained  powders  were  calcinated  at  500  °C  to  eliminate 
the  residual  organic  compounds.  Finally,  the  calcined  powders 
were  annealed  in  air  at  900  °C  for  20  min  (ferrite  powders)  and  at 
1000  °C  for  320  min  (perovskite  powders).  More  details  on  the 
preparing  procedure  are  given  in  [40]. 

2.2.  Characterization  techniques 

The  crystal  structure  and  phase  composition  of  the  samples 
were  analyzed  by  XRD.  X-ray  diffraction  measurements  of 
the  powders  were  performed  at  room  temperature  using 


PANALYTICAL  X’  PERT  PRO  MPD  powder  diffractometer 
and  CufiTa  radiation.  The  spectra  were  scanned  between  20  and 
80°  {26)  at  a  rate  of  27min.  The  average  crystallite  size  was 
evaluated  based  on  XRD  peak  broadening  using  the  Scherrer 
equation  D  =  O.92//fcos0,  where  X  is  radiation  wavelength 
(0.15405  nm)  of  CuXa,  ft  is  the  half  width  of  the  peak,  and 
6  is  the  Bragg  diffraction  peak  angle.  A  scanning  electron 
microscope  (JEOL-200  CX)  was  used  to  visualize  the  surface 
morphology.  NOVA  2200  apparatus  was  used  to  obtain  N2 
adsorption/desorption  isotherms  at  77  K.  The  BET  specific 
surface  area  (Sbet)  was  determined  from  nitrogen  sorption  data 
using  the  Brunauer-Emmett-Teller  (BET)  equation  [41].  The 
elemental  composition  of  the  surface  particles  was  examined 
with  Energy  Dispersive  X-ray  Spectrometer  (Genesis,  EDX) 
using  a  voltage  of  20  kV. 

2.3.  Catalytic  testing 

Catalyst  activity  tests  were  conducted  in  a  laboratory  scale 
with  a  flow  type  set-up  (flow  rate  of  100  cm3/min,  acetone 
concentration  in  air  of  l-2%o  and  the  gas  hourly  space 
velocity,  GHSV,  of  51001%'),  previously  described  by  us  in 
[39,42].  The  catalyst  powder  (0.3-0. 5  g)  was  sandwiched 
between  two  layers  of  quartz  wool  in  a  quartz  tubular  micro¬ 
reactor  Uj)=l  mm)  placed  in  an  electrical  furnace.  The  increase 
of  the  temperature  was  made  in  steps  of  50  °C,  from  50  °C  to 
550  °C.  At  every  predetermined  temperature,  as  a  result  of 
catalytic  combustion,  the  gas  concentration  at  the  exit  of 
reactor  will  be  smaller  than  the  inlet  gas  concentration.  The 
catalytic  activity  of  the  heat  treated  materials  under  study  was 
evaluated  in  terms  of  the  conversion  degree  of  the  acetone  over 
these  materials  as: 

Conv  =  Cin~Cout  x  100%, 

Qn 

where  cin  and  cout  are  the  inlet  and  outlet  gas  concentration, 
respectively,  measured  by  a  photo-ionization  detector  (PID- 
TECH)  for  VOCs.  Data  were  collected  when  the  flameless 
catalytic  combustion  had  reached  a  steady  state,  after  about 
20  min  at  each  temperature.  These  experiments  were  repeated 
decreasing  the  temperature  and  similar  results  were  obtained, 
suggesting  the  stability  of  the  ferrites  and  perovskites. 

3.  Results  and  discussion 

3.1.  Characterization  of  materials 

XRD  patterns  of  the  six  oxide  compounds  prepared  by 
sol-gel  self-combustion  and  heat  treated  are  shown  in  Fig.  1. 
Diffractograms  show  well-defined  peaks  indicating  a  good 
crystalline  quality  of  the  powders.  The  broadening  of  the  peaks 
indicates  the  generation  of  crystallites  in  the  nano-size  range. 
Phase  identification  was  performed  using  PDF  standard  cards: 
for  MgFe204  (PDF  #  17-464),  for  CuFe204  (PDF  #  34-425), 
for  NiCoFe204  (PDF  #  44-1485  and  #  22-1086),  for  LaPb- 
CaMn03  (PDF  #  75-440),  for  SrMn03  (PDF  #  72-197)  and  for 
FeMnC>3  (PDF  #  75-1573).  Results  revealed  that  all  samples 
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were  monophase,  without  any  second  phase.  The  phase  compo¬ 
sition,  lattice  parameters  and  average  crystallite  size  derived  from 
XRD  data  are  summarized  in  Table  1.  One  can  see  that  the 
samples  differ  significantly  in  phase  composition.  Mg-  and 
Ni/Co-ferrites  belong  to  the  cubic  spinel  structure,  while  Cu- 
ferrite  crystallizes  in  a  tetragonal  distorted  spinel  (due  to  Cu2  + 
ions).  SrMnOs  was  indexed  as  hexagonal  perovskite  but  the 
other  two  manganites  have  a  cubic  perovskite  structure. 

The  lattice  parameters  match  almost  perfectly  those  pre¬ 
sented  in  the  literature  in  analogous  compounds  [43,44], 

The  size  of  the  crystallites  was  found  to  be  in  the  range 
26-89  nm,  proving  the  fine  nature  of  the  powders  prepared  by 


sol-gel  self-combustion.  The  smallest  crystallites  (25.8  nm) 
were  identified  in  La-Pb-Ca  containing  manganite  powder, 
while  the  Sr-manganite  powder  contained  the  largest  crystal¬ 
lites  (88.9  nm). 

The  surface  morphology  of  the  six  powders  can  be  observed 
in  the  SEM  images  given  in  Fig.  2.  These  micrographs  reveal 
that,  in  all  the  studied  systems,  the  nanometric  particles 
( <  100  nm)  are  clustered  into  mini-  or  macro-agglomerates 
with  irregular  shapes  and  sizes.  Larger  agglomerates  are 
dispersed  among  small  agglomerates.  The  images  also  reveal 
the  presence  of  inter-agglomerate  pores. 

The  elemental  composition  was  checked  by  EDX  analysis.  It  is 
known  that  EDX  technique  supplies  an  accurate  determination  of 
the  atomic  concentration  of  different  elements  present  in  the 
surface  of  the  solid  samples.  In  Fig.  3  we  give  EDX  spectra  for 
three  catalyst  materials  only  and  their  elemental  compositions  are 
summarized  in  Table  2.  One  can  remark  that  the  composition  of 
the  samples  is  similar  to  the  nominal  one,  i.e.  the  Cu/(Fe+Cu), 
Fe/(Fe+Mn)  and  (Ni+Co)/(Fe+Ni-|-Co)  ratios  are  close  to  the 
theoretical  values  given  in  parenthesis.  This  is  proof  of  homo¬ 
geneous  distribution  of  the  elements  in  the  solids. 

The  nitrogen  adsorption/desorption  isotherms  at  77  K  of 
three  samples  are  shown  in  Fig.  4.  One  can  see  that  the 
desorption  branch  does  not  follow  the  adsorption  branch,  but 
forms  a  distinct  hysteresis  loop,  which  can  be  classified  as  an 
H3  type,  according  to  the  IUPAC  classification  [41],  Gener¬ 
ally,  this  type  of  hysteresis  loop  is  found  in  solids  with 
agglomerates  of  particles.  The  BET  specific  surface  areas 
(.S'bht),  computed  using  the  Brunauer-Emmett-Teller  (BET) 
equation  [41],  are  listed  in  Table  1.  It  should  be  noted  that  the 
perovskites  and  ferrites  containing  two  cations,  in  contrast  with 
samples  containing  more  cations,  have  smaller  values  of  Sbet) 
this  can  be  explained  by  an  effective  increase  in  degree  of 
crystallinity  during  the  heat  treatment. 

3.2.  Catalyst  activity 

The  catalyst  activity  of  the  prepared  nanopowders  was  tested  in 
the  combustion  reaction  of  acetone.  The  results  are  given  in  Fig.  5, 
where  the  measured  values  of  acetone  conversion  are  plotted  as  a 
function  of  the  reaction  temperature.  Each  datum  is  the  average  of 
three  steady  state  measurements.  Typical  S-shaped  curves  were 
obtained,  describing  the  variation  of  the  conversion  degree  of 
acetone  with  increase  of  the  reaction  temperature.  At  decreasing 


Table  1 

Structure  characteristics  of  MgFe204,  CuFe204,  Ni0.5Co0.5Fe2O4,  SrMn03,  FeMn03  and  Lao.6Pbo.2Cao.2Mn03. 


Catalyst  composition 

Phases  by  XRD  analysis 

Lattice  parameter  (nm) 

Oxrd  (nm) 

^BET  (m2/g) 

MgFe204 

Cubic  spinel  (space  group  Fd3m) 

a  =  0.8366 

41.8 

3.9 

CuFe2C>4 

Tetragonal  distorted  spinel  (space  group  141/amd) 

a  =  0.8000 

c=0.8590 

36.0 

1.5 

Nio.5Coo.5Fe204 

Cubic  spinel  (space  group  Fd3m ) 

a  =  0.8365 

41.7 

26.5 

SrMn03 

Hexagonal  perovskite  (space  group  P63/mmc) 

a  =  0.5459 

c= 0.9090 

88.9 

2.2 

FeMn03 

Cubic  perovskite  (space  group  la3) 

a  =  0.9400 

59.2 

3.2 

L^.ePbo^Cao  2Mn03 

Cubic  perovskite  (Space  group  Fm3m ) 

a  =  0.7708 

26.8 

12.6 
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Fig.  2.  SEM  images  of  studied  samples:  (a)  MgFe204;  (b)  CuFe204;  (c)  Ni0.5Co0.5Fe2O4;  (d)  SrMn03;  (e)  FeMn03;  (f)  Lao.6Pbo.2Cao  2Mn03. 
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Fig.  3.  EDX  spectra  for:  MgFe204,  CuFe204  and  Ni0.5Co0.5Fe2O4  ferrites  heat  treated  at  900  °C  for  20  min,  SrMn03  and  FeMn03  perovskites  heat  treated  at 
1000  °C  for  320  min. 
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Table  2 

EDX  analysis  of  the  catalyst  powders. 


CuFe204 

MgFe2C>4 

Nio.5Coo.5Fe204 

FeMnCL 

SrMnC>3 

Lao.6Pbo.2Cao.2Mn03 

O  (at%) 

40.58 

O  (at%) 

54.44 

O  (at%) 

57.16 

O  (at%) 

62.75 

O  (at%) 

55.33 

O  (at%) 

64.01 

Cu  (at%) 

19.34 

Mg  (at%) 

15.08 

Ni  (at%) 

7.80 

Fe  (at%) 

17.34 

Sr  (at%) 

24765 

La  (at%) 

10.61 

Fe  (at%) 

40.08 

Fe  (at%) 

30.48 

Co  (at%) 

8.06 

Mn  (at%) 

19.91 

Mn  (at%) 

20.03 

Ca  (at%) 

3.42 

Fe  (at%) 

26.98 

Pb  (at%) 

3.07 

Mn  (at%) 

18.90 

Cu/(Fe+Cu) 

0.32 

Mg/(Mg+Fe) 

0.33 

(Ni + Co)/(Fe  +  Ni  +  Co) 

0.37 

Fe/(Mn  +  Fe) 

0.47 

Sr/(Mn  +  Sr) 

0.55 

Mn/(La  +  Ca + Pb  4-  Mn) 

(0.33) 

(0.33) 

(0.33) 

(0.50) 

(0.50) 

0.52  (0.50) 

c 


Fig.  4.  Adsorption/desorption  isotherm  hysteresis  loops  of  catalysts:  (a)  Lao.6Pbo.2Cao.2Mn03;  (b)  SrMnC>3;  (c)  MgFe204. 


temperature,  the  conversion  levels  of  acetone  are  almost  identical 
with  those  obtained  at  increasing  temperature  and  .S'-shape  curves 
superposed.  These  results  show  a  good  stability  of  the  catalysts 
during  the  catalytic  tests  and  the  absence  of  any  deactivation  of 
the  catalysts  in  all  the  experimental  conditions  tested. 

The  comparison  of  the  obtained  results  revealed  that  the 
catalytic  activities  of  the  perovskite  catalysts  differ  substantially 
from  those  of  the  ferrite  catalysts.  It  is  obvious  in  Fig.  5  that  the 
5-curves  involving  perovskite  catalysts  are  shifted  to  lower 
temperatures  relative  to  those  of  ferrite  catalysts.  This  means 
that  the  perovskite  catalysts  are  more  active  in  the  acetone 
oxidation  at  low  temperature  than  the  ferrite  catalysts.  Also,  it 
should  be  noted  that  the  combustion  reaction  of  acetone  over 
perovskite  catalysts  starts  at  much  lower  temperatures  (with 
about  100  °C)  than  over  ferrite  catalysts  (except  for  Mg-ferrite) 


and  the  conversion  degree  sharply  increases  with  increasing 
temperature  from  150  to  250  °C.  The  difference  in  the  catalytic 
activity  of  the  two  catalyst  systems  cannot  be  explained  by  their 
different  specific  areas  given  in  Table  1.  Thus,  the  specific 
surface  area  of  Lao.6Pb0  2Cao.2Mn03  perovskite  was  12.6  m2/g 
and  that  of  Ni0.5Co0  5Fe204  ferrite  was  26.5  nr/g,  but  their 
activities  differ  strongly  (Fig.  5). 

An  interesting  result  was  obtained  for  two  perovskite  catalysts: 
SrMn03  and  Lao  gPbo^Cao  2Mn03  which  have  comparable  cata¬ 
lytic  activities  over  the  whole  temperature  range,  50-550  °C. 
Regardless  of  the  chemical  composition,  among  all  investigated 
catalysts  the  two  perovskite  catalysts  exhibited  the  highest  catalytic 
activity  for  acetone  conversion.  The  perovskite  catalysts  were  able 
to  convert  95-97%  acetone  at  low  temperature,  of  300  °C,  whereas 
the  conversion  over  ferrites  was  of  about  65%  only.  The  high 
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Temperature  (°C) 


Fig.  5.  Conversion  versus  temperature  in  the  catalytic  combustion  of  acetone 
over  MgFe204,  CuFe204,  Ni0.5Co0.5Fe2O4,  SrMn03,  FeMn03  and  Lao.6Pbo.2- 
Cao.2Mn03  catalysts. 

improved  catalytic  activity  of  the  two  manganites  may  be  ascribed 
to  the  oxygen  vacancies  generated  by  the  presence  of  both  the 
manganese  ions  with  variable  valence  [45,46]  and  the  divalent  ions 
(Sr+,  Pb2+,  Ca2+). 

In  the  case  of  the  ferrite  catalysts,  higher  temperature 
(400  °C)  was  required  to  achieve  a  large  conversion  (of  about 
89%  for  CuFe204)  as  can  be  seen  in  Fig.  5.  Moreover,  one  can 
remark  that  at  about  300  °C  the  catalytic  activities  of  the  three 
ferrite  catalysts  are  comparable,  and  for  T  >  300  °C  the  activity 
of  ferrites  depends  on  the  cation  nature.  From  the  obtained  data 
one  can  conclude  that  the  ferrites  containing  metal  cations 
with  variable  valence  are  more  active.  Therefore,  the  higher 
catalytic  activity  of  the  Cu-  and  Ni/Co-ferrite  catalysts  than 
that  of  the  Mg-ferrite  at  T>  300  °C  may  be  due  to  the  multiple 
valences  of  Cu  (Cu1+-Cu2  +  ),  Ni  (Ni2+-Ni3  +  )  and  Co 
(Co2+-Co1  +  )  ions  [30],  distributed  on  the  octahedral  sites 
in  spinel  structure.  Florea  et  al.  [29]  showed  by  XPS  analysis 
that  the  iron  ion  is  mostly  oxidized  at  Fe3+  state  in  Ni-  and 
Mn-ferrites. 

The  effect  of  the  crystalline  structure  and  the  chemical  comp¬ 
osition  of  the  studied  materials  on  the  catalyst  performances  in 
acetone  conversion  at  low  temperature,  of  250  °C,  is  apparent  in 
Fig.  6.  The  best  performances  of  the  SrMnC>3  and  Lao.6Pba2- 
Cao.2Mn03  perovskite  catalysts  (90%  conversion)  may  be  related 
to  the  total  or  partial  replacement  of  metal  ion  (La3  + )  by  lower- 
valence  ions  (Sr2+  or  Pb2+-Ca2  +  )  in  the  LaMnC>3  perovskite 
manganite.  The  condition  of  electro  neutrality  will  imply  the 
oxidation  of  Mn3+  to  Mn4+  generating  oxygen  vacancies  (active 
sites  for  oxygen  adsorption)  which  enhance  the  catalytic  activity 
of  the  perovskite  manganites  [45,46],  The  lowest  conversions 
(27%  and  17%,  respectively)  at  250  °C  were  achieved  over 
CuFe204  and  Ni/CoFe204  spinel  ferrite  catalysts.  Higher  activ¬ 
ities  of  manganites  compared  to  those  of  ferrites  allow  one  to 
speculate  that  their  crystalline  structure  and  structural  defects 
(oxygen  vacancies)  may  account  also  for  obtained  results  in  the 
acetone  combustion  over  the  two  material  types  (perovskites  and 
ferrites). 

The  catalytic  activity  of  the  catalysts  in  the  VOC  conversion 
can  be  estimated  by  three  performance  indices:  Tl0  (the 


Fig.  6.  Acetone  conversion  (%)  at  250  °C  over  the  two  types  of  oxide 
compound  catalysts:  ferrospinels  and  perovskites. 


Table  3 

Temperatures  (°C)  of  10%,  50%  and  90%  acetone  conversion,  conversion 
degree  at  400  °C,  apparent  activation  energy  and  reaction  rate  over  studied 
catalysts. 

Catalyst  composition  T\  0  T50  Tgo  Gas  Activation  Reaction  rate 

(°C)  (°C)  (°C)  conversion  energy  (|tmol/s  m2) 

(%)  (kJ/mol) 


MgFe204 

165 

250 

- 

81 

85.5 

8.14  x  10 

CuFe204 

220 

278 

415 

89 

102.2 

15.9  x  10 

Nio.5Co0.5Fe204 

235 

282 

- 

87 

80.0 

1.35  x  10 

SrMn03 

135 

185 

250 

95 

37.0 

140.0  x  10 

FeMn03 

175 

225 

275 

91 

98.0 

65.0  x  10 

Lao.6Pbo.2Cao.2Mn03 

150 

180 

250 

97 

68.5 

80.6  x  10 

temperature  when  VOC  conversion  is  10%),  T50  (the  tempera¬ 
ture  when  VOC  conversion  is  50%)  and  Tgo  (the  temperature 
when  90%  of  VOC  has  been  converted).  T50  is  usually  chosen 
as  the  main  indicator  of  catalytic  activity  of  a  given  catalyst.  At 
To  the  catalytic  activity  is  sufficiently  high  and  the  interac¬ 
tions  between  catalyst  surface  and  reactants  are  intense.  The 
lower  T50  is,  the  higher  is  the  catalytic  activity  of  a  catalyst. 
The  three  performance  indices  for  acetone  combustion  are 
listed  in  Table  3.  For  T50,  SrMn03  and  La0  6Pbo.2Ca0.2Mn03 
perovskites  appear  to  be  the  most  active  catalysts  on  which  the 
combustion  of  acetone  became  appreciable  at  180-185  °C 
(50%  conversion),  and  can  quickly  reach  95%  conversion  at 
300  °C  (Fig.  5).  This  catalytic  performance  is  comparable  to 
that  of  the  Pt/Al203  catalyst  which  could  achieve  the  same 
conversion  (95%)  of  acetone  at  300  °C  [47]. 

The  time  stability  test  of  the  catalytic  activity  was  carried  out 
for  Lao.6Pbo.2Cao.2Mn03  catalyst  at  reaction  temperature  of 
250  °C  for  36  h  and  for  SrMnO,  catalyst  at  200°  C  for  30  h. 
By  a  continuous  operation  of  the  reactor,  while  periodically 
monitoring  the  conversion,  very  small  variations  of  the  conversion 
were  obtained.  As  shown  in  Fig.  7,  the  catalytic  performance  of 
the  two  catalysts  was  maintained  approximately  constant  (of  about 
90%  and  64%  respectively)  throughout  the  test  period.  This  result 
attests  that  the  Lao.6Pbo.2Cao.2MnC>3  and  SrMnC>3  perovskites  are 
active  and  stable  catalysts. 
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Fig.  7.  Evolution  of  acetone  conversion  with  time  for  the  Lao^Pbo^Cao^MnC^ 
catalyst  at  250  °C  and  for  SrMnC>3  catalyst  at  200  °C  (acetone  concentration 
l-2%c  and  GHSV  =  5100  h~‘). 

Table  3  also  includes  the  values  of  the  kinetic  parameters 
(apparent  activation  energy,  £app,  and  reaction  rate)  for  acetone 
oxidation  over  the  six  catalysts  and  the  acetone  conversion  at 
400  °C.  The  apparent  activation  energies  (Eapp)  for  the  catalytic 
combustion  reaction  of  acetone  were  estimated  from  linear 
Arrhenius  plots  for  low  conversion  regions.  Note  the  wide 
variation  in  activation  energies  from  37  kJ/mol  fSrMnO  O  to 
102  kJ/mol  (CuFe2C>4)  toward  acetone  combustion.  The  smallest 
values  of  Eipp  for  SrMnC>3  and  La, )/,  Pb(,  2Cao.  2  M  n O3  perovskites 
offer  an  explanation  for  the  best  catalytic  activity  of  these 
catalysts.  The  values  of  activation  energies  obtained  by  us  are  in 
good  agreement  with  those  reported  for  acetone  combustion  over 
Cu-doped  ceria  catalysts  [48].  The  £app  values  fall  within  the 
common  range  of  37-102  kJ/mol  and  this  suggests  that  the 
mechanism  of  the  catalyzed  reaction  of  acetone  did  not  change 
over  perovskite  or  ferrite  catalysts  having  different  crystalline 
structures  and  compositions,  but  rather  changed  the  concentra¬ 
tion  of  catalytically  active  sites  involved  in  catalysis  of  acetone 
oxidation  over  the  oxide  compounds  studied. 

The  reaction  rate  normalized  to  specific  area  can  characterize 
the  specific  catalytic  activity  of  catalysts.  The  higher  the  reaction 
rate  is,  the  more  active  the  catalyst  is.  From  Table  3  one  can 
remark  that  the  reaction  rate  per  square  meter  of  catalyst 
substantially  changes  from  1.35  x  10-2  pmol/s  m2  (over  Ni-Co 
ferrite)  to  140  x  10  _  2  pmol/s  m2  (over  SrMnC^).  The  highest 
values  of  the  reaction  rate  were  obtained  for  acetone  combustion 
over  perovskite  catalysts  which  proved  the  best  catalytic  properties 
(95-97%  conversion  degree  at  400  °C). 

From  Table  3  one  can  see  that  the  catalytic  activity  at 
400  °C  of  perovskite  catalysts  is  better  (91-97%  conversion) 
than  that  of  the  spinel  ferrites  (81-89%  conversion).  The 
activities  of  the  six  catalysts  (for  acetone  oxidation  at  400  °C) 
decrease  in  the  following  series:  La0.6Pbo.2Cao.2Mn03  >  SrM- 
n03  >  FeMn03  >  CuFe204  >  Ni0.5Coo.5Fe204  >  MgFe204. 
There  is  no  obvious  dependence  of  catalyst  activity  on  surface 
specific  area  (Sbet)  given  in  Table  1. 

The  better  catalyst  performance  of  the  perovskites  compared 
to  the  ferrite  catalysts  under  the  same  reaction  conditions  may 
be  explained  by  the  large  increase  in  the  oxygen  vacancies  in 
the  surface  regions  generated  by  the  presence  of  manganese 
ion  with  variable  valence  (Mn3+-Mn4  +  )  [49].  Although  the 


mechanism  of  complete  gas  oxidation  over  metal  oxide 
compounds  is  not  precisely  known,  the  interaction  of  surface 
active  oxygen  species  with  reactants  (“suprafacial  mechan¬ 
ism”)  is  a  widely  accepted  explanation  for  the  VOCs  full 
oxidation  over  oxide  catalysts  for  T <  400  °C  [50,51].  Accord¬ 
ing  to  this  opinion,  the  oxygen  vacancies  play  an  important 
role  in  the  catalytic  activity  of  the  oxide  catalysts,  these  being 
responsible  for  the  adsorption/desorption  properties  of  the  gas 
phase.  More  oxygen  vacancies  will  involve  a  larger  density  of 
adsorbed  oxygen  species  (O-,  O2-,  OT),  weakly  anchored  on 
the  catalyst  surface,  which  favor  the  VOCs  oxidation.  The 
larger  the  number  of  oxygen  adsorbed,  the  more  active  would 
be  the  catalyst  for  gas  oxidation. 

4.  Conclusions 

Two  types  of  nanocrystalline  oxide  compounds,  ferrospinels 
(CuFe204,  MgFe204,  Nio.5Coo.5Fe204)  and  perovskites  (SrMn03, 
FeMn03,  La(l  6Pb(l  2C;io  2Mn03),  were  prepared  by  sol-gel  self¬ 
combustion  method.  The  X-ray  diffraction  confirmed  that  all 
samples  were  monophasic  and  presented  nanosized  crystallinity 
(26-89  nm).  The  samples  were  catalytically  tested  in  the  flame¬ 
less  combustion  reaction  of  diluted  acetone  in  air.  We  analyzed 
comparatively  the  catalytic  performances  of  these  perovskites  and 
ferrites.  The  results  revealed  a  higher  catalytic  activity  of  the 
perovskite  catalysts  at  low  temperatures  relative  to  that  of  ferrite 
catalysts.  The  acetone  conversion  degree  over  SrMnC>3  and 
Lao.6Pbo.2Cao.2Mn03  perovskite  catalysts  can  exceed  95%  at 
300  °C,  whereas  over  ferrite  catalysts  this  is  much  lower,  of  about 
70%.  A  possible  explanation  for  the  higher  activities  of  per¬ 
ovskites  compared  to  those  of  spinels  may  be  related  to  the 
specific  features  of  their  structures. 
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